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IBSIBACT 

Porty-eight g^ade-tihree children and 48 grade-eight 
children vere presented respectively vith six- ^d eight-letter 
segnences for written free recall. Xhe older children, as had adolt 
subjects in previQus studies, shomed a greater tendency to recall 
serially vith a four-letters-per-second presentation rate^ than ^ith a-' 
iialf- or* one-letter-per-second rate. Grade-three children, hovever,. 
shoved evidence of serialness in their recall vith all three 
present atioo rates. Xhe results are consistent vith the hypothesis 
that thtee is an auditory-specific store enduring for perhaps 15 ±o 
20 seconds vhich holdiB relatively unprocessed sateriftik according to 
the initial tesporal organiaatiqn. Operation of this store vould be 
■ost evident vhen the opportunity or ability to rehearse and recoie 
axe slnisal, that is, in older children's and adults* recall vith a 
f^st presentation rate and in young children *s recall vith all rates, 
(luthor) 
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Very little research has been done examining children's innaedia^ recall of 
sequentially presented information. One previous stu^ (Murray and Roberts, 196? j 
Gounard, 1968) has investigated this effects ' oi varying jpresentat ion mode and 
presentation rate oJ, children's ordered recall of 'digit sequences.: "^Witb a visual 
presentation, children seven to 'ten years of age shoved an increase in the amount 
of their overall recall as presentation rkte decreased, and this difference occurred' ^ 
primarily on the receiit serial positions. With an auditory preseataticHi, however, 
the cl^dren showed no differences, in either the\.amotmt of 'overall recall or in the 
shapes of their serial position curves as a function of presentation rate. 

The discrepancy between the abov^ results, obtained with ku<Jit6ry and visual^ 

presentations suggested at the tijae that the children . were not* adapting their refcall 

^ . ^- ... - . ^ 

strategies to the rate v^ationfl. when the* presentation mode was ^uditoi^; With 

th^ visual presentation,'. the improvement in,. performance at the slower rate's could^' 

be easily attributed to th^* inert ased- opportunity to read, rehearse, recede, etcv^ 

(It is interesting to note that the amount of recalL was inferior, from the visual ■ 

^resental^lon even though this presentation allowed more opportunity for rehearsal ^ 

ax4 receding tWu* did *he auditory presentation.) - \ 

Subsequent research with adult subjects (Oounard, 1971) has suggested that * \ ^ 

a<airlts ad^pt their rec^^ straJbegigs to variations in presentation rate in particular \ 

ways. It was found 'i^hat strategies f^voi'ing serial recall were adopted at fast \ ' 

presentatipn rates although not at slow rates whenever such a variation was possible. \ 

" ' A 



were 



With free recall instructions, especially, more -initial items were recalled and 
recorded in their correct serial ' positions (i.e., primacy was greater) at a fast ^ \ 

presentation rate relative to slower rates-. Again, however, subjects were generally ^ 



not handicapped in terms of, amouirb of" overall recall by an imrirease in presentation 



rate. 



I- 



In the present study, children of two different grade levels were tested fbr 
their free recall of material prepentfed au^ltorially at three different rates. ^Tte 
variables were chosen with the following^^ssibilities in mind: * 
1. If a lack of opportiinily or ability for rehearsal apd receding leads to the 



adoption of serial recall, then young children, idio are at best inefficient rehears 
should show a tendency to recall serially at all pres(9ntation rates. Older children, 
however, should show serialness only at a fast presentation rate since ability to 
rehearse and recede at slower rates presinnably increases with age. ' ^ 
2. If , on the other hand, i:ecall characteristics evident at a fast |xre8entation 
rate reflect something unique about the storage of rapidly presented items (thinking 
here of an echoic \fpe of store) , then serialness should be evident only a fast 
presentation rate> regag^eaaiof age« - ' * 
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/ Method ■ , . 

Xjeneral Design ' 

Since dif fea:ent list lengths were used for the Grade 3 and Grade 8 children, 
the experijuent was actually designed as two factorial erper iments • For Grade 3^ 
th^ design was a 3 x 2 x 6 factorial, and for Grade 8, a 3 x 2 x 8 factorial. In 
both instances, two variables were manipulated betyeen subjects; these were presen- 
tation rate (^, 1, and U letters per second) and list order (oi'der I axxd order II). 
The within subjects variable was serial position (six items for Grade 3 and eight 
• items • for Grade 8), - " - 

In order that tentative comparisons could' be made between the results for ,the 
two grades, the Grade 3 and Grade 8 siibjects were tested randcmly. This permitted 
an overall analysis of the data a8a2x3x'&3p2 factorial. In this case, the \ * 
between subjects variables were grade, presentation\rate and list order • The within 
subjects variable was "half", with the pferforinance on the -first half of the lists • 

(i..e« , the first three or four serial peisitions) l)eing compared to perf omiance on 

' / > . - . ^. 

^the second half, ^ 

The experimental conditions were randcnl;^. ordered within eight replications, 
each condition being, represented once in a replication. This ensured that the 
experimental conditions were more evenljr distributed across schools. 
Subjects 

Th9 subjects were U6 Grade 3 girls and U3 Grade 8 ^irla who were enrolled in 
el^i^ntary schpols in Waterloo County (Ontario) • One additional subject was tested 
and her data discarded since^ she failed to follow the instructions. Only children* 
who had neither failpd nor "pipped" a grade in school were included in the study. 
The Chrarie 3 girls ranged in age from 8 years k months to 9 years "3 months, with a 
mean age of p years months; the C|rade 8 girls ranged ft'om: 13 years Uoaonths to 
lii jBsra 6 months, with a mean ag#of 13 years 10 ^it|||^ 
Material / - 

Thirteen lis^ of six cy eight letters each were used, for Grades 3 and 8 



respectively- Their original Random ordering (order I) was r^domly rearranged to 
' make order 11^ The first two lists within each order were considered practice lists. 
The lists for each grade were made up of randomly selected letters of the alphabet 
with the following constraint! i ' * ^ 

1. No forward alphabetic sequences were included. • 

2. There wemno repetitions within a list. 

3. No letter appeared more than once in each serial position. 

• ' ' ■■. . 

U- Each letter of the alphabet appeared four times. • ^ . 

The lists were recorded in a female voice and played oh a Sony cassette tape 
recorder. A warning "Ready*' preceded>the start of each list by four seconds, aiKi ^ 
approximately 32 to 33 Seconds were allowed for recall. The speaker attempted to 
keep the duration of each letter constant, at approximatjely qpe-quarter of a second. 
Procedure " . . * . , 

Individual testing was carried out in a small room (usxxally a school nurse? s 
rocm)^ The subject was seated at a desk across from the e:5)erimenter, and supplied 

with a pencil and booklet. Each page of the booklet was printed with a grid of the 

f. ■ 

appropriate number of squares, in which the^subject was to record her ^answers. The 

subjects were given taped instructions to recall the items "in any order" they 

' ' ' 

could remeinber them (i.e., free recall), and guessing was encouraged. 



Results . • ^ 

• '■ . * ' 

Three different scoring procedures f^^re used on the data: (a) order scoring 
which counts the nuInbe^ of items correct in their correct serial positions^ (b) item 
scoring which counts the number of items correct from each of. the presentation ordet^ 
serial positions, regardless of the order of recall, and (c) position scoring which 
considers order scoires as a function of item scores rather than of total possible 
recall. Since position scores are expressed as percentages, the order and item scores 
vere dealt with in the same fslshion, and arcsin transformations were used on all 
of the data before the /analyses were^ carried out. 

Analyses of varices were computed on the data for each grade obtained with 
e^ch type of scoring. In addition, the performance of the two- grades was compared 
in analyses of variance on the scores for the first and second halves of the sequences* 

Analyses based on order scores best reflect" any evidence of serialness in 
recall. In the present e:q)eriment, the older children showed considerable variation 
In their order scores as a function of presentation rate (F (ll4,29U) = 5.58, £ < .00^), 
with veiy much more primacy being obtained at the U items per second rate than at 
the slower rates. The younger children, however showed marked primacy at all 
presentation rates (see Figure l) . . ' v 



Insert' Figure 1 About Here 



Unlike the Gounard (1968) results, the serial position curvds did.varjjsomewhat for 
the younger children as a function of presentation rate (F (10,210) = 2.12, p <.025). 

Recall WM ^lightly better' on serial positions 1 and 6, than on the midlist positions. 

' , \ ^ • ' 

at the U items per second rate when compared to the other two rates • ^ 

The two grpups of children showed similar variations lH amount of overall i 
recall (Grade 3:.F(2,1|2) - 5*Ul, £ <.01j Grade 8: F(2,U2) » 3.2^,, £ <*05K^ 
both, recall of qrder information was greater from *the U items" per second rate than" 
frm the sloweir rates. .Recall from the\. slower rates did not dllXer significantly. 



. Although the order sdorlng results differed considerably for the Jmo grades, 

the results with item scoring werte imexpectedly similar. - In Figure 2, it is- 

\ ' ' ' ■ ' y ^ 

apparent that the children of both^ grades recalled more of the, initially- presented 



/ - Insert Figure 2 About Here 

. . — ................... : . ^ . 

items f ronf the fast presentation rate than from the other two rates . Comparing 

^performance with the slower rates on the initial positions, it be see^ that the 

*g per second-rate was 3omewhat si^perior to the 1 per second rate. The recent ^' 

* • • . ■* , 

positions showed very little variation as a function of presentation rate. For each^ 

grade, trie Serial Position X Rate intferact ion was highly significant (Grade 3: F 

(^10,210) » 2.69, £-<-005j Srade 8: F(llj,29li) - g.lU, £ <.025).« 

The item analyses differed for. tife two grades regarding the overall effect of 

vaiylpg the rate of presentation. The younger children showed no significant 

difference in recall as a function of presentation rate (F(2,l42) = ^s^^J^ wheretfis 

the older children did ($;(2,li2) = 3-98, £ <.05). In the lattej- case, the slowest 

.... ' ^ • ... ... / ,v . . : 

and fastest rates produced equal amounts of recall, and were superior to the 1 per 

secoomrate (l< ig » li,; Netoan-Keuls, £ ^|^^ ^ - . " 

The position scoring results proved to be very interesting for the Grade 3 

children. More order infoiTnation per item*^as recalled from the h items per seaonJ 

ratp than from the slowei^%r«tes (F(?,l;2) « 6^, £ < .005; ig = 1< li, Neuman-(£^s/ 



£ < .01). And, as is 



depicted in Figure 3* the superiority of the h items per 



iisert Figure 3 About Here 



.second ra;te was equal across all serial positions. The Serial] Position X Rate i^ter- 
actioh was n^ significant in thi^^.,fiaafi(F( 10,^210) * 1.18). 

• For the OraSd 8 c^ildrep, /the position scores showed a considerable increase 
In the amount of order inftiOD^ion per itt recalled on the :^nitial positions with . 
the U items per second rate, compared to the slower rat^ (F(lli,29l4) « 5.68, £ <.005). 



As is apparent from the fact tliaf^^the^rade 3 children received 6-iteiii lists . 
and the Qrade 8 children 8-item Ifs^l/s, no anialyses could W done cmparing Grade 3-^- 
and Grade 8 if serial pqs it ion data were included. However, in Figures 1 and 3, 
one can see that there are obvious 'differences in the serial position curves for the 
two grades. I^*]^ were possible to analyse the data from tl\e two grades togetljer, 

th^^ desired interaction would be Rate X Grade X Serial Position. To obtain an 

/• • 

. '■ ' ' ^ 
approximation to the desired interaction, percentage scores' were calculated for the 

first thre^ or four and last three or four serial positions of the lists • Th^ 

2x3x2x2 analyses of variance used to evaluat^theset scores produced a Rate x 

Grade x Half interaction which was significant both with order scoring (2, 81i) » 

li*56, £1^.025) and position^ scoring (F(2,8U) =14.91, £ <.'0Q5), although not with 

±tem scoring (F(2,81i) < 1). As may be, seen in Figure li, the slopes for all three 



Insert Figure h About Here 



rates with order and, position scoring were^ essentialljr^ parallel for the Grade 3 



children, whereat performfuice waSrdisiiroportionately better on the flrsi half with, 
the U items per second rate for Grade 8. '' • -i, 




8 ^ 




. . Discussion 

"> • ' * • * 

In accord with expec tat iops J there was evidence of serialness in yo 

" ■ ' ' * ' .■ ' - ' ' 

children's recall with all rates of presentation, whereas serialness w^s more 

^ <• 

evident in the older children's recall at the fasfpresentatidji.rate than at the 
slower rates. Hence it appears that serial recall is favored wh^ items are 
presented auditorially; and there is^ eithef minimal .ppportunity or minimal ability 
to rehearse and repode the iriformation. Under these conditions, amount of^overall 
1 recall is not advers^y .affegpted. « ^ ' ' * 

The above observations .lead one to a consideration of the storage of material 
. , presented- via the auditory mode. Apparently, the rather commonly accepted verbal 
short-term store cannot account for -Chese results, ''although, it is consistent with 
the results reported in a multitude of studies involviiig a -visual presentation ^ 
(cf,.Mackworth, 1962a, 1962b, 1962c, .1963) . The alternative favored, at the ^present 
time^ is that there is an auditory-specific store which operates in conjunction with 
the verbal store. This audilory-.specif ic store would hold auditorially presented 
material according to the organization of input (i.e'., in c^der) ,. until or unless 
further processing (rehearsing and recoding) ti*arisfers these items into the verbal 
store. Hence, tlie operation of the. auditorjr-specif ic store woiid b§,, evident in " 
the recall of relatively unprocessed materials * ' " . . ' 

In a ta^k Involving sequential *presentatjx)n and/immediate rec^ill, the recent 
items are those for which there is the least opportunity for processing. Wheii a 
ccanparison is made between entire sequenc^ presented at different rates, the 
difference in amount of processing would-be most ]^nounced on initial positions 
since the^ 3?ecent items Would be relatively unprocessed 'at jail rates^. If' th6re is 
an auditory-specific J store as describe^ 'above, then a greater difference in recall ' 
as a function of presentation l^ate should occur on initial positions. Thi^ differ- 
ence should concur inS^vor of enhanced primacy at*the faster rates as . was actually 
found .with the Grade 8 children ^in the present study." ^ 



Obviously the type of auditory store being described iag^ore like the auditory 

■ ^ '■/..■• 
store that Murdock ,(1968) aJid Margrain (196?) have postulated than like Crowder and 

Morton's (1969) precategorical acoustic* store or Neisser' s (196?) echoic store. 

The duration, would have to be quite long^ perhaps, as long as l5 to 20 seconds. 

An examinatioh .of the Grade 3 Tesults suggests that-these too are consistent 

with the hypothesis of an auditoiy-specif ic store.' The younger ch;ildren* showed 

evidence of serialness in their recall at all presentation rates as would be 

^ expected if the auditory store predominates when noatransf ormational 3trategies. are ' 

used.' I • ^ * 

There is one new consideration introduced by the Grade 3 results. While the 

amount of order in^prmation recalled is clearly^g'eatest at th6 h items per second 

rate^ there is no difference, in amount of recall for the two slower rates. If the 

^ll^uditoiy store retains' order infomlatiori and if tfiis store is subject to decay, 

recall from^the ^ per second rate should be proportionately lower than recall from 

the 1 per second ratjs. It is possible that the young children were rehearsing at 

the slowest rate, and that this rehearsal facilitatea;^»e<^ll but did not finpose a 

new organization on the retained material- Two very simpleV types of rehearsal which 

might iDe available to young children are (a) repeating each Wter to oneself 

during the. interitem 'interval a|id (b) cumu;Latively rehears ing.^ Neither of these 

Would alter the organization.of a sequence (cf. Palmer and Omstein, 1971, Regarding 

cumulative rehearsal) i., A f ew the Grade 3 subjects w.ere observed to .be rehearsing 

cumulatively at the slowest presentation rate in a 'quite exaggerated fasHion. Thtis 

the yoxmg children may .have been more bound l?y the initial temporal organization of 

the material. Sincgrehear|kl' ^f ects recall primarily qf initial items (cf. Bruce 

and Papay,1970), srxm^reK^ might also' accoimt for/the primacy differences ^ " 



evident with item scoring' for the Grade 3, children. 

Another possibility must, however, be considered with regar^ to the "Grade 3 

dhlldren's' performance. If the auditory-speci^ip store is-subjfect oxay to^-^ery slow • 

■* , ■ ■ • • ■ *• 

■ ■ ."lO. . ■ -. ■ s ■ ' ^' 



decay and/or ""^s unstable only in the presence other processing^ the^Grgycfe^-J 
children' s rehearsal may have had an interfering -effect on retention at_ihe-slow^ 

■ . ' . - : ■ 

presentation rates. Whatever^ strategies were used by the young children to main- 
tain order information at the two slower rates may have been equally effective but. 
'also equally disruptive to the auditory-specific store. The Gouhard (1968) results 
are possibly consistent .with this interpretation. In^'this previous experiment, 
there was. effectively no interitem interval at any presentation rate (l, 2, or 3 
digits per second) since the^ilems were "drawled" to fill the whole interval. cThe 
resulting serial i>osition curves were essentially identical in shape, and there was' 
no difference in the qraount of overall recall! 

Further research is currently in progres^^^;^^^ attempt tb delineate the 
x;ha?&s±eristics of thq postulated auditory-spe.cifilS store. Modality comparisons, " 
of course^ must be made*- For-exaraple, a comparis.on of auditoiy and visual presen- " 
tations with adult subjects would*be expected to show a modality difference on ' 
Initial positions as well, as on recent il^pm^s if ^MtCast rate of presentation is used. 
Questions being examined with _ child subjects co^^:ti wh'ether output interference' ' 
in *the form of spoken rather than written* recall affects performance, apd also ' 
whether delayed recall(af fording an opportunity fqc further rehearsal and/or decay^ 
is detrijiental to the ^Ji'ade-.^siAj^ when compart with Grade 8- subjects' 

recall. - ^ . ' ^ • ^ 
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